Pathogenic strains of Xanthomonas campestris pv. glycines which cause hypertrophy of leaf cells of susceptible soybean cultivars and nonpathogenic strains which do not cause hypertrophy were compared for their ability to produce indole compounds, including the plant hormone indole-3-acetic acid (IAA) in liquid media with or without supplementation with L-tryptophan. Several additional strains of plant-pathogenic xanthomonads and pseudomonads were also tested for IAA production to determine whether in vitro production of IAA is related to the ability to induce hypertrophic growth of host tissues. Indoles present in culture filtrates were identified by thin-layer chromatography, high-performance liquid chromatography, UV spectroscopy, mass spectroscopy, and gas chromatography-mass spectrometry and were quantitated by high-performance liquid chromatography. All strains examined produced IAA when liquid media were supplemented with L-tryptophan. The highest levels of IAA were found in culture filtrates from the common bean pathogen Pseudomonas syringae pv. syringae, and this was the only bacterium tested which produced IAA without addition of tryptophan to the medium. Additional indoles identified in culture filtrates of the various strains included indole-3-lactic acid, indole-3-aldehyde, indole-3-acetamide, and N-acetyltryptophan. Pseudomonads and xanthomonads could be distinguished by the presence of N-acetyltryptophan, which was found only in xanthomonad culture filtrates.
The ability to produce the plant hormone indole-3-acetic acid (IAA) is widespread among fungi and bacteria (11, 33) . Microorganisms which commonly inhabit the aerial or subterranean surfaces of plants have been shown to be capable of IAA synthesis (41) . Such microorganisms include rhizobia (1), mycorrhizal fungi (5), pseudomonads (23, 25) , Azospirillum brasilense (39) , and Azotobacter paspali (2) . Fungi and bacteria which cause plant disease have also been reported to produce IAA (11, 31) , but in most instances the identity of IAA was not rigorously confirmed by modern analytical methods and the importance of in planta IAA production by most of these organisms for the disease process is not clear. Three plant pathogens for which microbial IAA production has been shown to be important for pathogenicity are Pseudomonas syringae pv. savastanoi, Agr-obacteriium tiamefaciens, and Agrobacteriaim rhizogenes. P. syringae pv. savastanoi induces galls or knots on stems and leaves of infected hosts, and the ability to induce hypertrophic growth is dependent on IAA production by the pathogen (4, 35, 37) . IAA production encoded by bacterial genes has also been shown to be required for tumor formation by A. tuimefaciens (22) and for induction of tumors and roots by A. rhlizogenes (24) .
The soybean pathogen Xanthomonas campestris pv. glycines causes bacterial pustule disease of susceptible cultivars, characterized by the formation of small circular lesions with erumpent centers (34) . Pustule formation is primarily due to hypertrophy of host mesophyll cells (10, 14, 43) , indicating a possible involvement of elevated auxin levels. Millar (R. Millar, Ph.D. thesis, Cornell University, Ithaca, N.Y., 1955) reported that X. cainpestris pv. glycines is capable of auxin production from tryptophan, based on colorimetric assays and on bioassays using Avenae cole-* Corresponding author.
optiles. Auxin production by X. cacmpestris pv. glycines in planta may be responsible for the distinctive symptomology of bacterial pustule disease.
The purpose of this study was to confirm that X. campestris pv. glycines is capable of auxin synthesis, to identify and quantitate the tryptophan metabolites, and to determine whether nonpathogenic strains have lost the ability to produce auxin. In addition, we wished to determine whether plant-pathogenic pseudomonads and xanthomonads which are not reported to (Table 3) . No IAM was found in culture filtrates of these strains. No indole compounds were detected for any of the strains when tryptophan was omitted from the media.
Indole compound production by pseudomonads. Nine strains of phytopathogenic pseudomonads including P. inargi,iallis and P. viridfltaa, two soft-rotting bacteria (20a), were tested for indole compound production in a semisynthetic liquid medium. When the medium was supplemented with L-tryptophan, TLC and HPLC analyses indicated the presence of IAA, IAM. ILA, and lAId in culture filtrates (Table 4) . Gas chromatography-mass spectrometry analysis confirmed the identity of IAA, ILA, and lAld. To confirm the presence of IAM, 3 liters of culture filtrate of P. syringae pv. syringae Meyer were extracted at pH 8 with ethyl acetate. IAM was purified by semipreparative HPLC. The material collected off the column which corresponded to the retention time and UV spectrum of authentic IAM also cochromatographed with authentic IAM on TLC plates with the two solvent systems and gave identical color formation after being sprayed with Ehrlich's reagent. Positive identification was by mass spectrometry using direct probe insertion. Characteristic ions were mn/z 174 (M+) and 130 (B) (13 Representatives of nine additional pathovars of X. campestris and five soft-rotting X. campestris strains (20) produced the same indole compounds as did X. campestris pv. glycines. To our knowledge none of these strains is known to induce hypertrophy of host tissues. Production of IAA by xanthomonads other than X. campestris pv. glycines has been previously reported for X. campestris pv. campestris (28), X. beticola (sic) (8), X. campestris pv. citri (12) , and X. campestris pv. phaseoli (Millar, Ph.D. thesis). However, the identification of IAA was confirmed by mass spectrometry only for X. campestris pv. campestris (28) . Of these bacteria only X. campestris pv. citri has been reported to induce hypertrophy of host tissues (16) .
Strains representing nine different plant pathogenic pseudomonads were also found capable of induced synthesis of IAA and additional indole compounds in liquid culture media supplemented with L-tryptophan. Only the P. syringae pv. syringae strain was capable of constitutive IAA synthesis, but IAA levels were increased 10-fold by the addition of L-tryptophan to the medium. The pseudomonads tested differed from the xanthomonads in that no N-AcTrp was found in culture filtrates of the former. The pseudomonads used in this study have not been reported to cause hypertrophy of host tissues. Production of IAA by plantpathogenic pseudomonads in addition to P. syringae pv. savastanoi has been previously reported for P. syringae pv. syringae (6) , P. solanacearum (32), P. syringae pv. eriobotryae (12), and P. syringae pv. morsprunorum (6) . Of these pseudomonads only P. syringae pv. eriobotryae induces hypertrophic growth (42) . In these reports, identification of IAA was based solely on paper chromatography, reaction with chromogenic reagents, and bioassay, except for P. solanacearum. IAA production by P. syringae pv. savastanoi and P. solanacearum is constitutive, but increased levels of IAA are produced when media are supplemented with tryptophan (32, 35) . Pseudomonas putida and Pseudomonas fluorescens isolated from plant rhizospheres produce a similar profile of indole compounds from tryptophan as we found for pseudomonads in our study, with P. putida producing IAA, ILA, IAM, and IAld and P. fluorescens producing IAA, ILA, and lAld (25) .
Two pathways for IAA synthesis from L-tryptophan may be functional in X. campestris pv. glycines and P. syringae pv. phaseolicola and pv. syringae. The first, which is common to many microbes and plants, involves transamination, converting tryptophan to indole-3-pyruvic acid (IPyA), followed by decarboxylation of IPyA to indole-3-acetaldehyde (IAAld) and finally oxidation of IAAld to IAA (30, 33) . Even though we failed to detect the intermediates IPyA and IAAld, we did detect ILA, which is a common product of reduction of IPyA (33) . The (15, 19) . P. putida and P. fluiorescenis may also be able to utilize both pathways for IAA synthesis (25) . When 
